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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a DNA marker which is present in the genome DNA of 
barley and is linked to an aluminum-resistant factor, and to provide a method for utilizing the 
same. 

SOLUTION: Marker Bmag 0353 is a DNA marker which is present in the genome DNA of barley, 
can be amplified with a pair of primers described in the following sequence numbers 1 and 2, and 
is linked to an aluminum- resistant factor, and is placed at a position separated from the 
aluminum- resistant factor in a distance of about 1.6 centimorgan (cMX Sequence number 1: 
actagtaccc actatgcacg a„ Sequence number 2: acgttcatta aaatcacaac tg. The marker Bmag 0353 
can be used to predict in a high probability whether a species is or is not an aluminum-resistant 
species, thus facilitating the selection of the resistant species. 
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WT 4 *> ©*tb$5WS^(c31SiJT 4 C £ *nai& £ ^ 4 . 

[0 04 2]«il ±13 '£f63*fe^' £ 'torex 
' £&^SUfc*ffl©«*©DNA«:WttJU-C2|s:^Hj 

©DNAv-*»©^M*Mffb, 

9 8. 4%©I$t7;Hi')A 

wesswrcs 4 c £ tcft4„ 
[0043]^^ syas©«fc 5 k, se?ijs-^ 1 toi^ia 

^IJS-^ 2 -C^T-fl© ^7^?-4ffil,V * * A fflft 

©^^A^fflftTttlSSBSn&^fe©©. ±B3^f-PS 
©ffl#^^tt**M©«*-c«ifHI§n4^I 1 4 0 b p 

©DNAWit©i?ffifei®fS3nfc 0 zoztiph* mm 
#^ 1 to j; zmmm^ 2 tsvt— a© y'^j^-zm 

l\ ttA+W©y/ADNA4i§i L/Tifl®^tf 

^£, *m -Nfoa ^tt*^a-€-n-etiic#w^t 

5 i >5 A WttH^©W^©ffi rJJJStt, ;i/ 3 A 
W14H- : f*'f:*M£ LT^T455\ •^7 : -PSa£ l>XMt 
**>©*I3fl*t?nJSIt?*-5. UfcAioT, ^• ; eM£^f- 
ali©f|t?7Ji 3 >5 AWtt©SJStcai»3Mt8«i>c>n 
4 £ * (c », ±IST )l 3 - ^ A W14H-7-© MfmoWi W 
mt . 4- 3}- a^'M*© T 5 - ^ AWtt©SJK**BE"r 
4*ft£ U-r4>fiJfflW#|-C*4„ 

[0 044] *f6BJ<DDNAv-*-*ffi^TT;l/3- 
AjffttH^*^tf D N AW>4-=&#iillt- 4*ffi£ 
mx. «^©«t 5 4 C £ *5-c * 4 0 

[0 04 5] ^3rAf-CB*-VADNA©BAC7-f7* 

7 u 1 WRfft&s nx to 0 . immko bac^j 

77y-«t|]t*5„ fCT, c©iyj:BAC7 
©DNAv-*-t , ^v-*-^tfBACi'a-> 
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AIM Xtt 5 0 0 0 M bt*D s v ? X* 1 5 0 

OcMitSi, lcMB«3. 3MbKttS*6, 

1. 6cMy£ttt5Mb©l®lK«c*. 

[0 04 6 ] *«Wtc^Si^K<0SSffl*, JBMHft* 
^A =F©ftffiKtt, ±B©JWWSj*K <t 0 »6*ifcT A> 

O v T^a^^fy^A^W^^f^^^^ffl^ 10 
Tffift^ ttA^C^/ADNA tca» A-T S C i K <fc o 

taw n a <t < , c ntc ct o % mm±mv h^m^m 

WniWI^CiiftS, Witf, lil&The Plant 
Journal (1997) 11(6) ,1369-1376 SoniaTingay^ 
OCcfcOv Agrobacterium tumefaciens 5rffll^T^^*A=f 

[0 04 7 ] 

iSKotiTttw-ra. 20 

[0 04 8 ] Cr;U5-^A»tt©ffffi) T^S-^A 
Wfttt *ti>6S#k^' iTJH^^AlStffl 'More 
x* feiW0F 2 *a£2 0 o C^5BPa1ffi^U PH4. 
3 CCH&E L,fc*«*fc F 2 loo fltftt* £ OT8KS*tt 

tofflEtcta, ioo mmaik(soo 2 * 6H,o*^&£30mm 

5IJ0fi©AX»|^rtTm\ 2J^K*RWfc. 12BIH 
Ml^ffTtf^c b fc^4HLb« t flKcJWTlM 30 
U MLL»*l*fc^OTDN* «ajB©Sl*I^Lfc 0 
WtSfe* a r tt««%»±SP*t?«l o fcff ©ftfMKKtt 
t*r;i/ a Ai«lK©*B*M8«: J: fj *#>fc 0 
[0 04 9] Cdna JfflttJD F 2 fta*J:!^a©fflft4> 

£MKitfc<fc 0*i%T *f a - x y^MtOJjcMitc iot» 

g£»JSU 100ng/Ml CCligiSbfco 

©Peter Langrige, Angelo Karakousis and .lan Nield. 

(1997) Practical Workshop in Basic Recombinant DN 
A Techniques Course Manual. Waite Agricultural Res 40 
earch Institute University of Adelaide. 

C^;i^fcyu:tf>h#*n F 2 *HTWtt©A#iM« 

^«ij©fflfls«^6iofflf*©DNA *m*.?^m& 
u KttiaaEtt©^^*!?^ t-e-h-enffijaufe. ^ 

;U#DNA fecfct>*M|g©DNA £J*fH>TAFLP (Amplified Fr 
agment Length Pol yrnorphisms)'57tff ; fectL/SSR(Simple S 
equence Repeats) 5Mff&tf o/c 0 
[0 0 5 0 ] AFLP^tffr^, Bl ^jnS77^7- 
SfflW, 128 ©^^-fv-Jfi^-artCct-oT^O F£lt 
mbtc D Selective primer©ffl^-H:ttflll©X!K*##«: 50 
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0T*a©f#6ti^-rt*fe©*as?iyfc o sue 

fel^T, E-000 tt, EcoRI ©universal primerSrJgL^ 
E02 I E03,E05 I E08,E09,E12 1 E14 I E15 \t, EcoRI ©select 
ive primer£JBU «*3Ki^JAS*fB#©*ffllJ«:^Sn 
£ G Sfc, M-000 tt, Mse I ©universal primer^fg 
U M17-M32 ©1 6©^"^^V — « v Mse I ©selectiv 
e primerfcffiU *«EK^W»B^©*«tt:^Stl 

So 

[ 0 0 5 1 ] SSR 5MfTT?tt v 4H8fefett±K:ffi*i-S8 9 

©ssr sa^, ^n^n^^ra^©^?* 

[0 0 5 2 ] Caflr»«tD TTESaK®©*ffitcfieoT, 

150ng ©DNA SSl. 5U©EcoRI (TAKARA)fc <fc c>*Mse I (N 
EW ENGLAND BioLabs) <fc 0 , 3 7 "Cri2B$fffl # >Ob # 

©Pieter Vos, Rene Hogers, Mario Bleeker, Martin R 
eijans, Theo van de Lee, Miranda Homes, Adrie Fri 
iters, .lerina Pot, lohan Peleman, Martin Kuiper an 
d Marc Zabeau. (1995) AFLP:a new technique for DNA 
fingerprinting. Nucleic Asids Research. 23:21:4407 
-4414.WRSaR«Bia©DNA 10 Ml &C2pmol EcoRI adap 
tor £20pmol Mse I adap to r& SOU ©T4 ligaseCTAKAR 
A) JCJ:ot2 0 o a 3 0^1^^— > a >U lOnMTri 
s-HCl 0.:ijT]&€DTA(pH8.0) CC«t^T20f&*3JRl/fc. Pream 
prifi cation© PGR SJB«^«Sr25M 1 t It 9 A V— 

bZs L/TcDNA 2 .5 Ml (20 t7 7^fV-fcj: 

t>^S^©jfer*S*5l.5nq//x1 EcoRI universal prime 
r, Mse I universal primer, 1 XPCR Buffer, 0.2mMdN 
TP, 0.02U/M1 ExTaq polymerase (TAKARA) ££c5^ 
frCtf o fc„ Preampri fi cation L tc^ > ^VbttlOmMTri s 
-HC1 0.1mMEDTA(pH8.0) V 50f§tC#?)R U/c 0 PCR 
Preampri f i cati on , Sel ecti ve Ampri f i cati on ifei2 
Kl^StlS^ny^ACCjCoT Gene Amp PCR system 9 

700 CA.B.i.)*ffit>T*fofc. eiWi, TKS3K®©* 
iS^t^oT, Selective Ampri fi cati on TSI^©^*^^ 

^-©»ffi%«S»fe^J:ortfeaiL^t-i^J:5^J^« 
10M^/c?)15ngiU/c o 

OY.Mano, S.Kawasaki, F.Takaiwa, T.Komatsuda. Deve 
lopment of a simple and efficient AFLP technique a 
nd construction of an STS-AFLP map in barley(in pr 
ess) .Selective amplification (^Preamplificationl/ 
/"CDNA(50fg#f?) 2.0 Ml tV 5 A V-fc<fc CX#Hai© 
*^t*®*^1.5ng/Ml EcoRI selective primer, Mse Isel 
ective primer, 1 X PCR Buffer, 0.2mMdhTTP, 0.025U/ 
Ml ExTaq polymerase (TAKARA) ©^fr^S^lOM 1 t 

Upcr JSJS^f o/c 0 itttoytlf >^;H4*Ji©*JUA 
14** U T ^ ij ;UT 5 F yjU (7*'J^75 K (Wako) : t* 
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X(WakD) = 19 : 1, 0.5XTBE, 8.5Mjg<SI) TlfeS/c*) 
32Vlsy')l%mmC4 fem^1<ttC280V ( 3»#|H) U Si 
1-Best Stain for Protein/PAGECnakalai tesque.INC.) 

irFRfclK® Kf 3*8 § tin > £ . 

@mf mffittofcB turn* 

dc II, ftflttlR. JIDK. 85-87. 

SIT&8 fflCDSSR V — *7 — (T&t>%, HVM13, HVM40i 
HVM67, HVM68, HVM77, HVM3, Bmag0353 *5cfcO* Bmag038 
4 ) ^jlA^to PCR JSj£ffi©fflJStt0.05U/Ml AmpliTaq 
DNA polymerase, IX PCR Buffer, 0.25mh/MgCl 2 . 0.6mM 
dNTPs, lpmol/ m 1 primer (forward, reversed) ^^fe 
SlO.OMl ibfc n PCRStS«, V-#-HWBtCOl>T 
«H 3 ©SSR3, V— # - Bmag0353fe<k O*Bmag03840COl> 

r it mm © ssr2 % * ©ft© v ~ # - jc o i >t « ssr4© *?* 

[0 0 5 3] hex (Jt) rK*a»br^*HVM3 20 

» N ^>^*;H.o mi (cf ^Xxi?>^F (tamra cs 

500 ) 0.5 Ml , W-f t>*;U7 5 F 12.0 Ml £flP 

/elf >"/;l/?: ABI PRISM™ 310 Genetic Analyzer (A. 
B.IOKiotttltlUfc. PCR jg^©1f ^XM«7 9 
ifjl^hlfflfifftvy H^ccTGeneScan (A. B.I.) OCd:^ 
tf % al 1 el e(DW&ltC ttDNA ^ ^ 2/ J > r S?4It/B V 7 F 
^^TGenotyper ™ (Versionl.l, A.B.I.) Srffll^c e 

®^li$nri^cC^HVM3«^(DV-^-0COl^ 
Ttt^>^MC^S<D*;l/AT^ FSrJBA, 95°C 5&m 30 
ftflNlftft * ~?M& U MJ&b fe-fr > aflp©*J*R: 
!iDTl6cmftX^7^;l/*ffll^T7^ttj}<y U ;UT 

/c 0 

[0 0 5 4] JbfBSSR V— *7 — ©Sfc, HvM3&COl>Ttt 
I" Z.W.Liu, R.M.Biyashev, M.A.Shaghai Maroof.(l 
996) Development of simple sequence repeat DNA mar 
kersand integration into a barley linkage map. The 
or. Appl. Genet. 93: 869-876 J &CfiB4K£ *lT*5 0 % 
(OV^A v-SB?(J«, 40 

ACACCTTCCCAGGACAATCCATTG 
AGCACGCAGAGCACCGAAAAAGTC 

[0 0 5 5 ] Bmag0353tt, Waugh #>6©4M1"CA 

ACTAGTACCCACTATGCACGA 
ACG1TCATTAAAATCACAACTG 

[0 0 5 6] CflKR^tFf ] ililittHcDf^ttM^PMAKER/E 
XP3.0 £ffll>TSl^fcW©»ffi5:L0D 3.0 Tlfl\ till 50 
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ffi»ttTES*R©(D*ffiiC <t -o /Co 

©Kosambi, D.D. (1944) The estimation of map cHsta 

nee from recombi nation values . Ann. Eugen. 12:172-1 

75. 

[0 0 5 7 ] CT^^^^AHttOfftt) 30MM©T^ 

X, Att 'tffcStrfc*' % Btt 'Morex ' , CttF 2 

[0 0 5 8 ] Iftt* a7©«K»ftt % [El 5 K^StlS 

tt = 67 : 33 Z 2 =3.41 0.1<rP<0.05) , 't?h%%£> 
fe' t 'Morex' ©S3E*C:bl>TTJl' 5 - »5 AjSfttttM 
ttOlH^KJCBStir^Sifti&hfc,, ttte* H5© 

[0 0 5 9 ] (r;H.^^AifMW5DNAv- 
AFLP*^^-fe^U35f>bttKaraL/, 12 

r^a*^tv^> Fft^^ y-^>^b*JS*, 16©^' 

^y^^l^tctC 5, E05-M26 , E12-M29 ©fi^'i±© 

2o07-*-4F l *i 60fHf*© v - * -M©P^^c 

[0 0 6 0 ] Sfc, ssr %ffimi>tcs*)\si>'tei?]srt°> b 

HVM3, Bmag0353©2 V-^-OCOl^r^ 
6 ftfc/c#>, aflpv -ij-t Blflltcfift© * 

[0 0 6 1 1060(a) tCtt, AFLP©±IBE05-M26 © 
tl, H6© (b) fctt, SSR ©V-^7-Bmag0353CC*5W 

*n*nwi4i ■ate©^'*^ 9 dna r $> d , 1 - 7 «w 
tti^stti©rar^^ms*6n/c/o f*$ % 

[0 0 6 2 ] |hJH (b) «:^snsJ:5K:, HE?-* 

-Bmag0353©»^, «J#*Wft2"0©^> p3WB*6tl. 
C©5fe, cfc^SlwOF (J^llObp)W, Btt©BTfc 
cfcO'l - 7^^, ISttOBSteJ;[>'8-l 4t 
»IS*6tl^o/c 0 UfcASot, C©V-^7-Bmag03 
53?:, #»«©DNA7-*-iUtffllf»5C£KJ: 

i«tttl©aKtfe*»«:tt*. 
[0 0 6 3 ] WltWtt2o©^> K©5fe, «t *3 

(*tjwobp)», «3Mt©BS*jJ:a c 8-l 4 
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©<&&6*T\ Wtt©3-5, 7V&m$>t>tltc 0 C©C 
ttf>P>. W4© 1 ^7©*>^ 1, 2, 6^T;U5^^ 

Mr&££*£«rjgft£ o ±i2v~-#-Bmag0353 

Hli CD Pair TJb 5 ~ £ Aiff4©?IK&C3t 
l^*5|S«)6>n5i*fcCli 4 ±fBv-#-Bmag0353tt v T 

[0 0 6 4 3 CT^5-«5AWtt©V9fcr>^] F 2 ft 



T^SSR V — * 



AFLPV— # — 2 



Kg©i»l£ 

L h , AFLPV -#-©5 % 1 SSI (E12-M2 * 

SEQUENCE LISTING 
<110> Japan Science and Technology Corporation 

<130> A182P11 
<L60> 2 
<210> 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotides 
<400> 1 

actagtaccc actatgcacg a 
<210> 2 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotides 
<400> 2 

acgttcatta aaatcacaac tg 

[Ell] AFLP#WiC<£JB£ftfc universal primerijjrtf 
selective primer?: ^T^T'cb <5 0 

[12] AFLP^Wtfc^T, Preamprificationfccfc^Se 
lective Amprifi cation ©§*t (I^ffifflS ftfcPCR SJS 

[13] ssr »*f«:*5^r, SW^u^r^ r©*f 

KtC f£ffl § fttc PCR S«© 7'P^7A *SK*r «T h Z> . 
[04] TJl/5^^A»a^frTTl2BfH*WS-li/cpf 

say*** cttxF 2 fif*©ffi©*wttpj^riar'* {9 , 

Att 'fr&S*<bV , Btt 'Morex ' , CBF, Wtt 
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6 tt-r Lwufcica, ftftt^m 7 cc^-r <t 5 tc 4h^ 

[0 0 6 5 ] [IJIlK^Vtcfc^C, V~#-Bmag0353tt* 
T^^^^AltttHT Al ToleranceilB$fe) & 

fcttl. 6^>^;l/#> (cM) ©SBiHcfigUTte 

10 [0 0 6 6 ] 

fc, T^^^^A»ttH^citaibTX^©r, m 
tt, * * A =F© $> £ JMWiy Jl/ £-9 ABttH-T-^Wt" 

6 0 

[0 0 6 7 ] 



21 



40 



50 



22 

[15] t 'Morex ' £©£BBteJ:a 

Fz flf*©r;U5-^Aiftt^3T©lwt»**SK-ry 

[06] 'tffcSSfeV t 'Morex' ifc^ffiS-tfT 

y ;i/ 5 ~ 3 AW ft*;* ;i/ * -fe 9 u #> h Ufctt** 

Sty;H^ftIt$) (5, ( a ) tt, E05-M26 ©^5 

^ v-ft^#^ffli>fcii^©y;bffer$)0 , (b ) tt, 

*- Bmag0353?:ffll^cil^©^M^r ft & n 
[07] **A=f4htteft±tC*5WS % yrt'S-^ABt 
t4©V-f ^d-tf-f^H' Fv^- (Bmag0353, HVM3) fc 
cfctfAFLPV-*- (E05-M26 ) *Stf aMWfiBI*^ 0 



[an 



(EcoRl uaivertil primer) 

E-000 5-GACTGCGTACCAATTC-3 



(EcoRl i elective primen) 
E02 EOOO+AAC 
E03 EQOO+AAG 
EOS EOO0+ACA 
E08 EOOO+ACT 
E09 EOOO+AGA 
E12 EOOO+AGT 
E14 EOOO+ACT 

EIS_ EjpOO+ATG_ 

(MkI univenwl primer) 

M-000 5-GATGAGTCCTGAGTAA-3 



(Miel selective primers) 

M17 M-OOO+CAA M25 NWHXH-CGA 

M18 M-OOO+CAC M26 M-OOO+CGC 

M19 M-OOO+CAG M27 M-00O+CGG 

M20 M-OOO+CAT M28 M-OOO+CGT 

Mil M-OOO+CCA M29 M-0O0+CTA 

M22 M-OOO+CCC M30 MOOO+CTC 

M23 M-OOOKXG M31 M-OOO+CTG 

M24 M-OPQ4CCT M32 M-OOO+CTT 



SSR2 SSR3 SSR4 

1 cycle 3 nuns 94^ lcyclo 3mins 94X1 1 cycle 3mins 94*C 
imin 58^ linm 55*0 lOcycles train 94<C 
Imin 72X: imin 72V imin 64'C(>l , C/cycl(s) 
30cyclc3 30scca 94t30cycles Imin 94*C Imin 72*C 
30sccE 58t: Imin 55t: 30cyclcs Imin 94*C 
30secs72 , C Imin 72^ Imin 55*0 
Hold 5mins 72 < CHold 5mins72 , fc Imin 72t: 
Hold 5 mhos 72*C 



(9) mm 2 0 0 2 - 2 9 1 4 7 4 



[02] 



Preamplificatin Selective amplication 

20cycles 30sec94 v C fcycte 30s^s94^ 

Imin 56X1 30secs65'C 
hmn72t: Imin 72*C 

12cycles 30secs94 t C 

aOsecseSt: (>0.7°C/cycle) 
Imin 72^ 
23cycles 30secs94 t C 

ltnin 72*C 



[04] 



(10) WFH 2 0 0 2 - 2 9 1 4 7 4 

[0 5] 




Tolerance score 



[07] 



38.6 



34.0 



21.0 



1.6 



19.0 



Al Tolerance 
Bmag0353 



HVM3 



14.5 



E05M26 



cM 



Cll) 



2002-291474 



BT.BS, 1 



7 8 



14 



Q tss H fi ^ ^ ^ ^ ^ ^ s g 

g£ E5a S £3 ^ v-.. « w *w ^- **** w~ tes^ 



(a) 

BT,BS, 1 - 



7 8 



14 



00 



Bmag0353 



F^-A(#^) 2B030 
4B024 
4B063 



AA02 AB03 AD20 CA06 CA16 
CB02 

AA08 Mil BA80 CA03 DA01 
EA04 FA10 GA11 HA12 
QA01 QA05 QQ09 QQ43 QR08 
QR33 QR42 QR62 QR78 QS2 5 
QS34 QX02 



